Abstract
Introduction
The transmission of exchange rate changes to import prices is the subject of active discussion in both academic and policy-making circles. Besides the obvious implications for the path of domestic inflation and the possible response of monetary policy, analysts are interested in pass-through because exchange rate changes can potentially impact domestic market structure (Baldwin 1988, Froot and Klemperer 1989) . More recently, studies have considered whether pass-through can impact domestic market structure in ways that influence optimal monetary policy (see e.g., Taylor 2000, Campa and Goldberg 2000).
At a more fundamental level, the rate of exchange rate pass-through is a key determinant of real exchange rate movements. In a recent study, Parsley (2001) finds that typically over 95% of real exchange rate movements among East Asian countries are attributable to failures of the law of one price. The only exception is for Hong Kong -where the corresponding number is only 50 to 75%. Hong Kong's experience with pass-through is of interest due both to its long-standing peg to the U.S. dollar, and to its very high degree of price flexibility (Zitzewitz 2000) . On the one hand, this suggests that we should expect a higher degree of pass-through to Hong Kong than is typically found. However, working against this is the anecdotal evidence of widespread invoicing in U.S. dollars. If Hong Kong's imports are invoiced in dollars, bilateral variation in non-dollar exchange rates might have little impact on Hong Kong prices.
Unfortunately empirical estimates of pass-through are often unstable; that is the estimates change over time. It is generally not clear whether this instability is due to changes in the commodity composition of trade (Campa and Goldberg 2000) , changes in the relative importance of trading partners, or to structural instability in the estimated pass-through equations themselves. That is, differences in pass-through across commodities, or across countries can change aggregate pass-through simply due to the changing composition of trade. However a general presumption is that changes in trade patterns and composition are generally second-order considerations for pass-through, at least in the short-run. Purely statistical problems, however, are pervasive.
The primary empirical difficulty researchers face in obtaining estimates of aggregate exchange rate pass-through is that import prices, exchange rates, and the additional variables on which pass-through depends are simultaneously determined as part of a general equilibrium system. One potential implication is that estimated coefficients will display instability. 1 Hence traditional estimates are derived from empirical models violating one of the key assumptions of the classical linear regression model. While we know that the resulting OLS estimates will be biased, we do not know the magnitude or the sign of this bias.
This study takes a different approach to estimating exchange rate pass-through to import prices. Building on the approach advocated by Knetter (1989 Knetter ( , 1993 to study export pricing, pass-through is estimated using a three-dimensional panel of very disaggregated import unit-values. Empirically, pass-through to Hong Kong is estimated using a panel data set comprising roughly 85% (by volume) of Hong Kong's floating exchange rate trading partners, and imports of twenty-one of the top five-digit SITC products since 1992. Consistent with other evidence for the Hong Kong economy, pass-through estimates for Hong Kong imply relatively quick import price adjustment. Indeed, it is generally not possible to reject the hypothesis that estimated pass-through is 100% within one year. This is considerably faster than is typically found in studies of larger, less open (typically G7) countries. The results in this study are found to be robust to a number of sensitivity tests.
The next section sketches the textbook derivation of pass-through in the simplest possible context.
The resulting first order condition is well known and surprisingly general; perfect competition and monopoly are special cases. This section also discusses estimation issues and the advantages that a combined cross-section time-series approach affords. Section 3 discusses the data examined. Section 4 presents the estimation results and a final section concludes.
The Textbook Model
In the simplest textbook model of perfect competition, profit maximization by an exporter with prices set in foreign currency implies price equals marginal cost, or, P i = C i , where, P i is the price of the i th good.
If the good is traded internationally, the price in foreign currency, P i * , is simply P i * = C i /S, where S is the domestic currency price of foreign exchange. With constant marginal cost, pass-through, i.e., the elasticity of foreign currency price with respect to the exchange rate (dlnP * /dlnS), is equal to one (in absolute value). Thus, in the small country, perfect competition benchmark, local currency import prices fully reflect exchange rate changes. 2
If we relax the perfect competition assumption, the first order condition must include a markup:
The markup (λ) is a function of the elasticity of demand (ε), λ = ε i /(ε i -1). Thus, pass-through can be less than complete if the markup varies. Markups can vary due to strategic interactions (see, e.g., Froot and Klemperer 1989) . Note that the perfect competition case is also a special case of equation (1) when the demand elasticity is infinite.
Thus to estimate pass-through, empirical measures of marginal cost and factors influencing markups need to be obtained. Traditional estimates of pass-through, e.g., Mann (1986) , are derived from linear regressions of equation (1) using aggregate (e.g., import price index) data. 3 Typically these equations include a cost index, e.g., a domestic wholesale price index, and import demand shifters, e.g., a competing price and importer's income. In these studies, pass-through to the U.S. typically was found to be around 60%. This implies that changes in markup thus accounted for the residual 40% of the exchange rate change.
As noted, two problems with these estimations include measurement error and simultaneity bias. First, cost indices typically available may not approximate marginal costs very well. If this measurement error is correlated with the equation disturbance, then OLS estimates will be biased. Goldberg and Knetter (1997) suggest this type of measurement error may actually be correlated with exchange rates such that pass-through estimates are biased downward. In their example, foreign outsourcing increases this problem. The second, related problem, afflicting early estimations was simultaneity bias. At the aggregate level, exchange rates and prices are both endogenous variables. Thus by definition, the exchange rate will be correlated with the disturbance term and, as before, OLS estimates will be biased (see, e.g.,
Parsley and Popper 1998).
Both of these issues suggest that a different estimation procedure is appropriate. Consequently, the empirical approach adopted here builds on that developed in Knetter (1993) . In his study of export pricing, Knetter argues that observing exports to several destination countries allows the identification of marginal costs (and common movements in markups) as that part of the price change common across destinations. Specifically, he estimates the following model:
This is a generalization of equation (1) in that the condition now considers an exporter selling the same product to multiple markets. Equation (2) relates the change (∆) in the price of the import good to country j at time t, to the bilateral exchange rate (s jt ) between home and country j. At this level of disaggregation exchange rate changes can arguably be treated as exogenous. Note that lower case letters indicate natural logarithms, and the error term µ jt is assumed to be independently and identically distributed with mean zero and variance σ 2 µ .
A key aspect of equation (2) is that it identifies changes in marginal costs with common (across destination) movements in price. 4 That is, each period we observe n separate price changes for an exporter selling to n separate markets. Estimates of cross-country differences in pass-through are provided by β j . Thus this empirical model recognizes explicitly that markups and marginal costs are not directly observable, but utilizes the cross-sectional information present when a single product is simultaneously imported to several destinations. As noted by Knetter (1993) , the interpretation of the time effects as capturing the behavior of marginal cost is oversimplified when more than one firm is in the import sector. He notes that the model still controls for common, underlying changes in industry cost.
The strategy employed in this paper is to use a variant of this approach to study import pass-through. In particular, import unit-value data is pooled across products from a given destination. Thus, for imports, equation (2) becomes: In equation (3) the α i are good-specific fixed effects. Unfortunately, this model cannot identify time variation in marginal costs and changes in markups -they are both lumped into the exchange rate effect. We can, however, gain more information by incorporating another dimension. If we stack the data from different destinations we can include a full set of good-, country-, and time-specific controls.
In equation (4), the coefficients β j will measure pass-through from country j. The time dummies, θ t , now measure aggregate changes in foreign cost conditions, while the parameters δ j and α i , control for countryand good-specific effects. As noted by Knetter, other factors such as income and competitors' prices in the destination market may be important for establishing the absolute level of prices in the import market, but (relative) changes in these variables will generally be of much smaller magnitude than the corresponding bilateral exchange rate. The model is estimated using a panel of disaggregated import unit-value data from Hong Kong's top eight floating rate source countries, and twenty-one of Hong
Kong's top import goods simultaneously.
The model is estimated using annual data due to several considerations. First, recent research has indicated that short-run exchange rate changes may not be passed through if they are thought to be temporary (e.g., Froot and Klemperer 1989). Related is the problem of invoicing currency. If exporters invoice in the importer's currency, estimates of pass-through using high frequency data are spuriously biased downward, simply because of infrequent price adjustment (see e.g., Marston, 1990, and Bleaney 1997) . Annual data have the further benefit that measurement issues are less severe, since in higher frequency data could more easily be influenced by reporting fluctuations, and month-to-month variation in the composition of imports within a given five-digit category. That is, the unit-values are likely to have a higher noise content at higher frequencies.
Data
The original source data for this study are domestic imports (Hong Kong dollar) value and quantity, Volume 5 (1992 Volume 5 ( -2000 .
Unit-value data have well known limitations as proxies for price (see e.g., Kravis and Lipsey 1974). In particular, unit-values may change due to changes in the commodity composition of trade. The problem is especially salient at the aggregate level. Hence the focus of this study is on unit-values at the most disaggregated level possible in the data. The level of aggregation in this study is similar to other recent studies (see e.g., Knetter 1989 , 1993 , and Takagi and Yoshida 1999 .
For this study the top eight import partners were chosen, ignoring the fixed exchange rate partners China and the United States. Twenty-one five-digit import commodities were chosen from across the full spectrum of import (type) classifications. Overall, the aim was to provide variation in terms of the types of products chosen, and to include important import sectors. Thus despite using micro-data, the goal was to be representative -and, not dependent on a particular product or single import partner.
Finally, the goal in choosing the largest import partners was to improve the accuracy of the unit-value data as a measure of price and to minimize the number of missing observations.
Econometrically, a key requirement of the data is for the commodities to be imported from as many of the import partners as possible. This is the important variation that enables the country-specific changes in marginal cost to be more accurately estimated. Unit-values were constructed as the value of imports of the good divided by the quantity imported. Table 1 lists the countries and goods included in this study. Imports from the Mainland of China and the United States account for the lion's share of Hong Kong's imports -roughly 54% of total imports come from these two source countries. The eight floating-rate trading partners that we consider in this study account for roughly 85% of the remainder.
The nominal exchange rate data were obtained from the CEIC database provided by the Hong Kong
Institute for Monetary Research. Real exchange rates were constructed as equal to the nominal exchange rate deflated by the wholesale price index in the exporting country. Table 2 reports the basic pooled regression results constraining the pass-through coefficients to be equal across countries -i.e. initially we constrain β j = β in equation 4. In Panel A, we report results for nominal exchange rate pass-through and in Panel B, results for real exchange rates are reported. In column 1 only country dummies are included in the regressions, and columns 2 and 3 add good and time dummies respectively. Column 4 reports results from an estimation with observations on the dependent variable greater than the 99 th and smaller than the 1 st percentile dropped.
Estimation Results
Looking across the first three columns of Table 2 , we see that aggregate import pass-through into Hong
Kong is quite high. The point estimates range from 80 to 94%, and are statistically significant; in fact for nominal exchange rate pass-through (and for real exchange rate pass-through in column 3) we cannot reject the hypothesis that aggregate pass-through is equal to one. Dropping extreme values lowers pass-through estimates significantly (column 4) however the adjusted R-squared statistic -not large to begin with -falls substantially. These findings are consistent with evidence of much higher price flexibility in Hong Kong than in most OECD countries (Zitzewitz 2000).
We next explore the sensitivity of these estimates to the specification. A lagged dependent variable is added to the regressions in Table 3 . The lagged dependent variable is statistically significant in all equations, and the R-squared statistics increase appreciably. However the pass-through estimates are remarkably stable between the tables and they remain statistically significant. Moreover, now we cannot reject that pass-through is equal to one in any of the first three columns -real or nominal. 5 Finally, the Table 2 . In particular the estimates are smaller and the fraction of the variance explained by the regression declines in the final column. Hence, in the remainder of the analysis we report regressions using all of the data. Table 4 adds an additional explanatory variable -a lag of the change in the exchange rate. The table reports coefficient estimates and standard errors for the sum of the coefficients on the contemporaneous and lagged exchange rate. The point estimates for pass-through are all quite close to one, and indeed for nominal exchange rate pass-through (in column 3), the point estimate is closer to 1.5; however due to the greater standard error we cannot reject the hypothesis that the sum equals one. 6
Despite the arguments above that the prices of imports of very disaggregated commodity groupings
should not be jointly determined with the exchange rate, we want to determine whether the estimates hinge on the assumption that the error is uncorrelated with the exchange rate. Hence in Table 5 we instrument the nominal exchange rate using the other independent variables plus two lagged values of the exchange rate. 7 The point estimates of pass-through are actually larger in Table 5 than those in Table 2 . The standard errors are much larger in Table 5 ; hence the pass-through estimates are significant only at the 10% level. Thus, the evidence in Table 5 suggests that correlation between the exchange rate and the error term in previous tables is not seriously impacting the estimates.
Finally, in Table 6 we examine pass-through on a country-by-country basis. Column 1 presents the estimates for nominal exchange rate pass-through, and column 2 presents those for the real exchange rate. In the table results are presented only for the regressions including the full set of dummies (i.e., including country, good, and time dummies); the intermediate regressions yielded no surprises. As might be expected, allowing the coefficients to be estimated separately reduces statistical power. In particular, the individual pass-through coefficient is significant only for the Netherlands in both real and nominal equations. The only other statistically significant pass-through coefficient is that for Germany, for the real exchange rate regression.
Judging by the point estimates, however, variation in pass-through related to country of origin of imports appears bimodal. In particular, Australia and the United Kingdom have the two lowest pass-through estimates by far. This wide range of point estimates is consistent with the hypothesis that changes in the country composition of trade can affect aggregate pass-through estimates. Also, it is worth noting that according to the point estimates, Japan is not an outlier in its pass-through behavior toward Hong Kong. Thus the widely documented empirical regularity that Japan's pass-through into the United States is below other countries' pass-through does not apply to Hong Kong.
Summary and Conclusions
This study has examined aggregate import pass-through for Hong Kong. The empirical strategy makes use of a three-dimensional panel of very disaggregated (five-digit SITC level) import unit-values from 6 The significance levels of the chi-squared test statistics are 0.31 and 0.17 for the nominal and real estimates respectively.
7 None of the estimates was significantly different from zero in an estimation using only one lag of the exchange rate. The point estimates for pass-through from that estimation were only slightly smaller than those in Table 2 .
Hong Kong's top eight floating rate partners and twenty-one import products for the years 1992-2000.
The simple, competitive model predicts complete pass-through to local currency prices. Most existing evidence, taken from large, western (generally G7) countries, finds varying (incomplete) degrees of exchange rate pass-through. For example, imports from Japan to the U.S. are typically found to demonstrate pass-through in the neighborhood of 30%. This compares to pass-through rates of 50 to 60% for other countries into the U.S. market.
Empirically, Hong Kong's import pass-through is quite rapid. Point estimates for aggregate pass-through are typically between 80 and 95% for nominal exchange rates, and range from 65 to 70% for real exchange rates for the basic specifications. However, statistically it is not possible to reject the hypothesis that it is 100% after the first year following a change in either the real or nominal exchange rate.
These findings go a long way toward understanding why Hong Kong was a statistical outlier in Parsley (2001) . In that study, nearly all real exchange rate variation (at short, medium, and long horizons) was driven by deviations from the law of one price -except for Hong Kong. In the case of Hong Kong, law of one price deviations drove a still substantial 50-75% of real exchange rate movements. However, relative price movements between prices of traded and non-traded goods were also an important source of real exchange rate movements for Hong Kong. Thus, the price flexibility observed by Zitzewitz (2000) and others translates into greater exchange rate pass-through and fewer deviations from the law of one price. Finally, these results suggest that U.S. dollar invoicing-currency effects do not inhibit passthrough in the case of Hong Kong. 
